INTRODUCTION
============

Hand-foot-and-mouth disease (HFMD) is a human syndrome caused by intestinal viruses of the picornaviridae family. The most common strains causing HFMD are coxsackie A virus and enterovirus 71 (EV71), resulting in major outbreaks across the world in the past three decades^[@B14]^. The clinical presentations of HFMD are characterized by fever and vesicular exanthema mostly in hands, feet and oral mucosa^[@B05]^. The disease is usually mild and self-limiting, but sometimes serious neurological and cardiopulmonary complications may occur in HFMD outbreaks, particularly when the causative virus is enterovirus 71^[@B27],[@B32]^.

HFMD was first reported in New Zealand in 1957. Only small scale outbreaks have been reported from United States, Europe, Australia, Japan and Brazil in the first few decades. However, since 1997 the disease has conspicuously changed its behavior as noted in different Southeast Asian countries^[@B26]^. There was a sharp rise in incidence, severity, complications and even fatal outcomes that were almost unseen before that period. In 2008, a large wave of HFMD epidemics occurred in mainland China, Taiwan, Malaysia, Singapore and Hong Kong. In mainland China, epidemics started in Fuyang City, Anhui Province, resulting in 353 severe cases and 22 deaths, and then rapidly developed into a national-scale epidemic, covering 28 provinces within three months with 345,159 reported cases^[@B36]^. To control the HFMD infections and decrease mortality from HFMD, the Chinese Ministry of Health (MOH) has listed HFMD as a notifiable Class-C communicable disease since 2008^[@B34]^.

As the largest trading city in Southern China-Guangzhou, here HFMD is becoming one of the extremely common airborne and contact-transmitting diseases. Despite preventive measures such as avoiding direct contact with infected patients, disinfection of viral contaminated items or premises, and good personal hygiene practices, have been strongly recommended and sometimes mandatorily implemented by the local government, the annual incidence of HFMD remained the highest of all reportable infectious diseases since 2008, leading public health authorities to be concerned about its increased incidence.

Currently, effective chemoprophylaxis or vaccination approaches for dealing with HFMD are still not available. One of the programs to prevent this disease concentrates on monitoring and predicting HFMD incidence. In recent decades, weather variables have been widely studied for their potential as early warning tools to fend off climate-sensitive infectious diseases such as dengue fever^[@B18]^, malaria^[@B19]^, and diarrheal disease^[@B01]^. However, the relationship between meteorological variables and HFMD has been documented in some studies and the findings have been inconsistent^[@B12],[@B20],[@B21],[@B30]^. For example, a Singapore study showed that weekly maximum temperature elevated HFMD incidence and a Hong Kong study also supported the positive association^[@B12],[@B21]^, whereas another study in Japan found that the number of days per week of the average temperature above 25 °C was negative associated with HFMD incidence^[@B30]^. In addition, a recent study in Japan found non-significant association between rainfall and HFMD, contrary to findings in Singapore^[@B12],[@B20]^. Moreover, high wind speed was shown to be a risk factor for HFMD in the Hong Kong study^[@B21]^, but no other study supported these findings. Therefore, there is an urgent need to investigate such relationships which can help in the prediction of future occurrence and development of an early warning system of HFMD.

In this paper, it was used an ecological methodology to conduct an analysis on epidemiological characteristics of HFMD in Guangzhou during the period from 2008-2012, and compared these with the weather factors, in an effort to assess the relationship between meteorological variables and HFMD, and assist public health prevention and control measures.

MATERIALS AND METHODS
=====================

**Study Area:** Guangzhou is 7,434.4 Square kilometers in size, situated at north latitude 22°26′N to 23°56′N and at east longitude 112°57′E to 114°3′E, with over 7.94 million registered inhabitants and 4.76 million floating population (from 2010 census data). It crosses the Tropic of Cancer, and the climate is characterized as humid subtropical climate influenced by the Asian monsoon. Summers are wet with high temperatures and a high humidity index. Winters are mild, dry and sunny. The annual mean temperature ranges from 18 °C to 25 °C. The annual rainfall is typically between 1,500 mm and 2,000 mm ([Fig. 1](#f01){ref-type="fig"}).

Fig. 1Geographic location of the study area (Guangzhou) on the map.

**Surveillance data of HFMD:** In this study, data from HFMD cases in Guangzhou were obtained during the period between January 1^st^, 2008 and December 31^st^, 2012, from National Notifiable Disease Report System (NNDRS). In China, all cases of HFMD were diagnosed according to the unified diagnostic criteria issued by the Chinese Ministry of Health. Once physicians diagnose suspected or confirmed HFMD cases, they must report these cases to Guangzhou Centers for Disease Control and Prevention (GZCDC) via NNDRS. For a patient\'s illness to meet the case definition of HFMD clinical signs (fever, papules and herpetic lesions on the hands or feet, rashes on the buttocks or knees, inflammatory flushing around the rashes and little fluid in blisters, sparse herpetic lesions on oral mucosa, etc.) must be present and samples should be taken for laboratory confirmation (4-fold rise in antibody titer, antigen detected in blood, PCR- detected samples from throat, fluids from blisters and stools). A standard form was adopted by local physicians and epidemiologist to collect individual information on each HFMD case, including age, address, onset date, occupation, diagnosis, and laboratory test results. The reporting of routine cases is made by hospitals via NNDRS within 24 hours. The scattered children were defined as children who migrated from other cities (usually from underdeveloped regions), without permanent housing in Guangzhou, and who do not attend school even though they were at school age.

**Meteorological data:** Simultaneous meteorological data, including average daily temperature (in degrees Celsius), relative humidity (as a percentage), atmospheric pressure (in hPa), and wind velocity (in meters per second) were obtained from the documentation of the Guangzhou Meteorological Bureau (GZMB). The weather data was measured at a fixed-site station located in the central district of Guangzhou.

**Data analysis:** Descriptive statistics, such as percentages, means, and 95% confidence intervals, were calculated. χ2 test and/or Fisher exact test were/was used to compare proportions of different groups. A negative binomial multivariable regression was used to explore the relationship between meteorological variables and HFMD. Negative binomial distribution is a Poisson distribution with an extra-dispersion term, which acts as a random effect that subjects the Poisson means to an additional variation that has a gamma distribution. Given the fact that the data were over-dispersed, it was chosen a negative binomial distribution model rather than the Poisson model. The cases are the incidence of HFMD per 100,000 inhabitants grouped by week of onset. The meteorological variables were calculated by weekly average. A preliminary analysis was conducted through Pearson\'s correlation coefficient ('r') matrix within meteorological variables. This indicated that the model constructed using both temperature and atmospheric pressure at the same time suffered from collinearity problems, because the two variables showed strong negative correlation (r = -0.83, *p* \< 0.01). Thus, two separate negative binomial regression models were carried out: the first included average temperature but no atmospheric pressure, while the second included atmospheric pressure but no temperature. Both models included additionally relative humidity, wind speed, and year as independent variables. To quantify the effects of meteorological variables, the influences (e^β^--1) were computed, which virtually correspond to the percent increase. The ln of the predicted rate was used to examine the linearity between predictor and continuous variable. In addition, a residual diagnosis was also carried out. The residual was checked using the Pearson goodness of fit test. These analyses were performed using SAS (V.8.01, SAS Institute, Cary, New Jersey, USA). *p* values \< 0.05 were considered as statistically significant.

RESULTS
=======

From January 1^st^, 2008 to December 31^st^, 2012, a total of 173,524 HFMD confirmed cases were reported in Guangzhou, of which 63.85% (110,799) were male patients and 36.15% (62,725) were female patients. 12 cases died between the ages of one and 14, yielding a fatality rate of 0.69 per 10,000. The greatest number of cases was in the age group between zero and five years, which accounted for 93.82% (162,798) of the total cases. By occupation, the majority of cases were scattered children, which accounted for 73.01% (126,695) of all cases. Annual incidence rates from 2008 to 2012 were 60.56, 132.44, 311.40, 402.76, and 468.59 (per 100,000), respectively. It is important to stress that in 2012, a total of 60,155 HFMD confirmed cases were reported, which was 8.9 times the number reported in 2008 (6,754 cases) ([Fig. 2](#f02){ref-type="fig"}).

Fig. 2Annual disturbance of HFMD confirmed cases per 100,000 in Guangzhou, Southern China, 2008-2012.

Monthly changes in the number of cases showed HFMD cases were detected throughout the year. A sharp peak in the number of cases occurred in May-July, 47.17% of all cases were reported during this period. A small peak occurred in September-October, the number of cases reported during this period accounted for 17.60% of total cases ([Fig. 3](#f03){ref-type="fig"}).

Fig. 3Monthly disturbance of HFMD confirmed cases in Guangzhou, Southern China.

Overall, the main pathogens causing HFMD in Guangzhou during the period from 2008-2012 were enterovirus 71 (EV71) and coxsackievirus A16 (CA16), which accounted for 61.29% of the total causative viruses. [Figure 4](#f04){ref-type="fig"} detailed the yearly disturbance of pathogens causing HFMD in Guangzhou. It is important to note that the proportion of EV71 was 44.98% in 2008, 30.587% in 2009, 25.79% in 2010, 21.36% in 2011, and 24.76% in 2012, respectively, which showed a significance declining trend over the years (Trend χ^2^=76.63, *p* \< 0.001).

Fig. 4Yearly disturbance of pathogens causing HFMD in Guangzhou, Southern China, 2008-2012.

During the study period, the minimum and maximum temperatures were 1.8 °C and 38.6 °C, respectively, and the average temperature was 22.23 °C. The relative humidity ranged from 25% to 99%, with an average of 73.94%. The atmospheric pressure ranged from 987.4hPa to 1026.6hPa, with an average of 1006.77hPa. The wind speed ranged from 0.4m/s to 9.1m/s, with an average of 1.90m/s ([Fig. 5](#f05){ref-type="fig"}).

Fig. 5Daily disturbance of a) average temperature; b) average atmospheric pressure; c) average relative humidity; d) average wind speed; e) HFMD confirmed cases in Guangzhou, Southern China, 2008-2012.

The correlations between independent variables revealed a strong correlation (r = -0.83, *p* \< 0.01) between average temperature and atmospheric pressure ([Table 1](#t01){ref-type="table"}). Therefore, to avoid collinearity problems, it was decided to explore the relationship of temperature and atmospheric pressure in HFMD cases by using two different models, including either temperature or atmospheric pressure together with all other predictors. In the two models, temperature (*p* \< 0.01) and atmospheric pressure (*p* \< 0.01) were highly significant; wind speed, relative humidity, and year were also significant in both models (all *p* \< 0.05). After adjusting the "year", every 1 °C rise in temperature corresponded to an increase of 9.47% (95% CI 9.36% to 9.58%) in the weekly number of HFMD cases, while a 1 hPa rise in atmospheric pressure corresponded to a decrease in the number of cases by 7.53% (95% CI -7.60% to -7.45%). Similarly, every one percent rise in relative humidity corresponded to an increase of 1.48% or 3.3%, and a one meter per hour rise in wind speed corresponded to an increase of 2.18% or 4.57%, in the weekly number of HFMD cases, depending on the variables considered in the model ([Table 2](#t02){ref-type="table"}). The Pearson goodness of fit test for both models indicated *p* \> 0.05.

Table 1Pearson\'s correlation coefficient ('r') matrix of meteorological variables in Guangzhou, Southern China, 2008-2012Average temperatureRelative humidityAtmospheric pressureWind velocityAverage temperature1.00\-\--Relative humidity0.24 (*p* \< 0.01)1.00\--Atmospheric pressure-0.83 (*p* \< 0.01)-0.52 (*p* \< 0.01)1.00-Wind velocity-0.33 (*p* \< 0.01)0.07 (*p* = 0.27)-0.03 (*p* = 0.60)1.00

Table 2Negative binomial regression model of meteorological factors associated with risk of HFMD incidenceβS. E.*P*(e^β^-1)\*100 = percent increase (%)95% Confidence Interval for percent increase (%)Lower boundaryUpper boundary**(A)** (Intercept)83.590.44\<0.01\-\-- Relative humidity0.010.00\<0.011.481.421.55 Atmospheric pressure-0.080.00\<0.01-7.53-7.60-7.45 Wind velocity0.020.000.012.182.112.24 Year0.430.98\<0.0153.0426.3585.36**(B)** (Intercept)1.010.03\<0.01\-\-- Relative humidity0.030.00\<0.013.303.243.36 Average temperature0.090.00\<0.019.479.369.58 Wind velocity0.040.00\<0.014.574.504.64 Year0.390.98\<0.0148.1422.2079.59[^4]

DISCUSSION
==========

It was found that, from 2008 to 2012, the incidence rate of HFMD in Guangzhou showed a rapid increasing trend, this is consistent with studies from most cities in China^[@B31]^. However, despite the enormous numbers of cases, the overall fatality rate of HFMD was 0.69 per 10,000, which was significantly lower than in Cambodia^[@B04]^\[, Vietnam^[@B15]^, and previous report from other regions of China^[@B23]^. These indicated that HFMD in Guangzhou was becoming more contagious than before, and the present epidemic situation of HFMD was characterized by high morbidity, but low fatality. A possible explanation for this might be due to the fact that the viruses causing HFMD have been changing recently in the last few years in Guangzhou. As indicated by this study, the proportion of causative viruses, identified as EV71, decreased from 45% in 2008 to 25% in 2012. Many previous studies have proved that EV71-associated HFMD usually had severe clinical syndromes, such as acute flaccid paralysis, brainstem encephalitis, rapid fatal pulmonary edema, and hemorrhage^[@B13]^, which more frequently resulted in patients\' death. By contrast, CA16 and other etiologic agent-associated HFMD had a milder outcome and a much lower incidence of severe complications^[@B17]^.

Inconsistent with the situation in Mongolia and Northern China^[@B35]^ where only a single incidence peak of HFMD was observed in July, the current study showed that two incidence peaks of HFMD were detected in Guangzhou, the higher one occurring in May-July and the lower one occurred in September-October. These two peaks, all reached approximately one month earlier than in some other Asian countries, such as Japan^[@B24]^ and Vietnam^[@B29]^. In addition, some HFMD confirmed cases were found, and were more heavily male than female, and the higher number of cases was in the 0-5 age group. These are similar to the findings from Taiwan^[@B07]^\[, Singapore^[@B02]^, and other areas^[@B03],[@B20]^. However, these results implied that the same or even more attention should be given to scattered children, which has become the largest HFMD infected group in Guangzhou. In China, they are called "scattered children", because the majority of this group of children comes from low-income families, their parents usually do not have enough money to send them to kindergarten or nursery. They usually live in crowded places, with poor sanitation, low health risk awareness, and lack of access to health education. It has been reported that compared to the other group, the scattered children had higher incidence in many infectious diseases, such as Bacillary dysentery, infectious diarrhea^[@B33]^, and hepatitis A^[@B16]^. Therefore, more effort should be employed to enhance health education and monitor the scattered children.

Weather factors such as temperature and humidity have been proved to have significant influence on occurrence and transmission of some infectious diseases. For example, in Switzerland, higher water vapor pressure and heat were found to be associated with a higher risk of community-acquired Legionnaires\' disease^[@B08]^; in Botswana, the elevation of annual minimum temperature was considered as the critical factor for continuous ascent in the number of diarrheal disease reported during the period from 1974-2003^[@B01]^. The current study, which was conducted in Guangzhou, demonstrated that high temperature and high humidity presented higher risk of HFMD infection. These findings are consistent with a previous study in Tokyo, Japan, which suggested that higher temperature and humidity might influence the increase of HFMD incidence observed between 1999 and 2002^[@B30]^, and with the findings of a more recent study in Hong Kong, indicating that HFMD consultation rates were positively associated to temperature and humidity^[@B21]^. In Taiwan, CHANG *et al.* reported that EV71 infection was most highly correlated with temperature and relative humidity in the period that was likely to precede the infection^[@B06]^. Furthermore, it was also found that atmospheric pressure was inversely associated to HFMD incidence in the same week. Similar findings were also observed in the north of China^[@B26]^, which indicated that the air pressure showed an opposite behavior from the incidence distribution of HFMD. However, no literature has been published yet revealing the underlying mechanism. A possible explanation for this may be due to the fact that low atmospheric pressure could weaken the power of the human immune system or of organisms^[@B22]^. For example, DANET *et al.* reported that a 10-mbar decrease in atmospheric pressure was associated to a 12% increase in coronary disease incidence rates^[@B09]^; STYRA *et al.* found that the correlation between atmospheric pressure decrease and increase of cardiovascular disease (CVD) in 1-2 days and on the same day was 25-44%^[@B28]^.

As far as the author knows, the present report is first to investigate the effect of wind speed on HFMD incidence in Southern China. It was found that every meter per second rise in wind speed may lead to an increase of 2.18% or 4.57% in the weekly number of HFMD cases. This result was contrary to expectations and must be interpreted with caution, because previous studies have showed that wind speed could reduce the risk of infection of many diseases. For example, DUNN *et al.* reported that high wind speed was associated with significant low incidence of Legionnaires\' disease in UK^[@B11]^. ROSA-FREITAS *et al.* found that the number of reported dengue cases was statistically and significantly lower in a high wind speed area than in a low wind speed area^[@B25]^. Therefore, further studies, which take these variables into account, will need to be undertaken.

Some methodological limitations must be acknowledged in this study: the incubation period of 3-7 days for every case cannot be determined exactly, and this is the reason why it was chosen to use weekly aggregated HFMD data and weekly average meteorological data. The direction of these approximations, however, is likely to be random, suggesting that these risk estimates are reliable. Moreover, because this investigation is an ecological study - an observational epidemiological study in which the unit of analysis is a population rather than an individual, one cannot exclude the fact that some potential confounding variables could not be identified and considered. Although the impact of climate was emphasized, other factors such as host susceptibility, exposure history, preventive measures and intervening variables also probably existed and influenced the HFMD occurrence by some way. Therefore, more studies, which take these variables into account, will need to be undertaken. Of course, some findings in the current study require replication, especially in different areas with diverse weather patterns. On the other hand, one must acknowledge that this conclusion is based on the Guangzhou\'s weather pattern; replication of the similar study may reach the opposite conclusion in the area, with a completely different weather pattern to the area which was studied.

CONCLUSIONS
===========

Taken together, despite these limitations, it was reported that the epidemic status of HFMD in Guangzhou was characterized by high morbidity, but low fatality. Males, aged 0-5 years, and scattered children seemed more susceptible to HFMD infection. Weather factors had significant influence on HFMD. A rise in average temperature, relative humidity, and wind speed may increase the risk of HFMD infection, while an increase in atmospheric pressure may reduce the risk of HFMD infection. These findings provided preliminary, but fundamental information that may be useful for a better understanding of epidemic trends of HFMD and to develop an early warning system.
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